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の関係を検討したところ、∆Gelの減少に伴って kq値が増加し、∆Gel ≲ −0.8 eVとなる反











の値が∆Gelに依存していることが分かった。∆Gel ≳ −0.2 eVとなる領域では、kq < 1/9kd、
f∆ = 0.82−0.97となり、りん光消光は一重項経路のエネルギー移動反応により起こること
が示された。∆Gel ≲ −0.2 eVの領域では、∆Gelの減少に伴って kq値が増加したことから、
電子移動反応の関与が示唆された。しかし、ラジカル種に由来する過渡信号が観測され
なかったことから、電荷移動消光が起きていると考えられる。∆Gel ≲ −0.8 eVとなる領






























  In this thesis, phosphorescence quenching mechanisms of neutral and cationic iridium(III) 
complexes by molecular oxygen are investigated, and the formation efficiency and the 
relaxation properties of singlet oxygen produced by phosphorescence quenching of transition 
metal complexes are revealed. 
In Chapter 1, the electronic states of iridium(III) complexes and their application fields, and 
the formation and characteristic of singlet oxygen are outlined, together with the purpose of this 
study. Because iridium(III) complexes have excellent properties such as high emission quantum 
yield, the absorption in the visible region, tunable emission color (blue to near-infrared), and the 
high oxygen sensitivity, they have received extensive attention as emitting material for organic 
light-emitting diodes (OLEDs), photoredox catalyst, and biological oxygen probe. To rationally 
develop novel iridium(III) complexes which can be used for various applications as described 
above, it is of essential importance to clarify the phosphorescence quenching mechanisms by 
molecular oxygen and electron transfer reactivities of iridium(III) complexes in the excited 
states. 
In Chapter 2, the phosphorescence quenching of neutral and cationic iridium(III) complexes 
by molecular oxygen and aromatic electron acceptors (AEAs; 1,4-dinitrobenzene (DNB), 
nitrobenzene (NB), and 1,4-dicyanobenzen (DCB)) was investigated in CH3CN. The 
phosphorescence quenching rate constant (kq) by AEAs increased with decreasing Gibbs energy 
change (∆Gel) of electron transfer and gave a limiting diffusion-controlled rate constant (kd) of 
2.0 × 1010 M−1s−1. The products of photoinduced electron-transfer reactions were confirmed by 
taking the transient absorption measurements, although the separated ion yields were as low as 
0.10−0.17. The relatively-small separation yields were attributed to efficient recombination 
reaction in the radical ion pair, which might originate from heavy-atom effects of the central 
Ir(III) ion. It was revealed that two competing pathways (noncharge-transfer (nCT) and 
charge-transfer (CT) channels) are involved in the phosphorescence quenching of iridium(III) 
complexes by molecular oxygen. For the Ir(III) complex/O2 systems with ∆Gel ≳ −0.2 eV, the 
kq values were less than (1/9)kd (kd = 4.1 × 1010 M−1s−1 for Ir(III) complex/O2 system) and the 
fractions (ƒ∆) leading to formation of 1O2 in the oxygen quenching approached unity (0.82–0.97). 
These results demonstrate that the nCT channels through the singlet encounter complex are the 
main deactivation route. The systems with ∆Gel ≲ −0.2 eV gave a similar ∆Gel dependence of 
logkq as the Ir(III) complex/AEA systems, suggesting the involvement of electron transfer. 
However, the transient signal due to the iridium(III) cation radical was not observed, which 
suggests that the phosphorescence quenching of iridium(III) complexes by molecular oxygen 
proceeds through a CT interaction. For the systems with ∆Gel ≲ −0.8 eV, the limiting kq value 
was over (4/9)kd and the ƒ∆ values were larger than 0.25 (ƒ∆ = 0.40). These results suggested the 
involvement of 1O2 formation through intersystem crossing between singlet, triplet, and quintet 
CT complexes. 
As described in Chapter 2, singlet oxygen (1O2) is produced in the phosphorescence 
quenching of the excited triplet iridium(III) complexes by molecular oxygen. It is one of the 
reactive oxygen species and plays an important role in various photochemical and biological 
processes. Therefore, it is important to clarify the photophysical properties of 1O2 produced 
under the presence of transition metal complexes. 
In Chapter 3, a new integrating sphere instrument was developed for the measurements of 
absolute emission quantum yield from the visible to near-infrared region (λ = 350−1650 nm). 
This system is equipped with two spectrally calibrated photonic multichannel analyzers using a 
back-thinned charge-coupled device (BT-CCD) and InGaAs detectors. Using this instrument 
and platinum(II) meso-tetra(pentafluorophenyl)porphine (PtTFPP) as a photosensitizer, the 
absolute quantum yield ( ∆p
1
Φ ) of the a1∆g (v′ = 0) → X3Σg—  (v″ = 0) emission at 1270 nm from 
singlet molecular oxygen in various solvents was measured. The quantum yields ∆p
1
Φ  in CCl4 
and CS2 under infinite dilution of PtTFPP were determined to be 2.2 × 10−2 and 6.4 × 10−2, 
respectively. In addition, the relative quantum yields in the other solvents were determined 
using the ∆p
1
Φ  value in CCl4. From the ∆p
1
Φ  values and lifetimes of 1O2, the radiative and 
nonradiative rate constants of 1O2 ( ∆1rk and ∆
1




Φ  and ∆1rk  values were compared with the literature values determined based on the relative 
method. 
  In Chapter 4, the results obtained in this study are summarized. 
 
